INTRODUCTION
In t h e search for b a s i c variables i n human intelligence, psychologists have developed several s p e c i a l methods of multivariate a n a l y s i s commonly grouped under t h e term factor analysis. T h e s e methods a i m a t t h e description of a large number of variables in a given field of study (called domain) i n terms of a much smaller set of variables -linear combinations of t h e original variables-chosen in such a way that as little as p o s s i b l e of t h e information available i n t h e original d a t a will b e lost.
Differences e x i s t in t h e computational procedures and i n t h e interpretation of t h e factors obtained, b u t i n general t h e differences d o not affect t h e b a s i c principles of t h e methods. A systematic treatment of t h e various methods and their differences h a s been made' and a brief summary by J a n e Loevinger is available.
There h a s been considerable debate on t h e meaning of factors found i n factor analytic studies. Some authors doubt that s u c h factors have any psychological meaning. Anastasi b e l i e v e s that, b e c a u s e it is "simply a mathematical statement of observed relationships among a group of conc r e t e behavior manifestations," a factor cannot " b e interpreted i n terms of underlying entities. " Similarly, Tryon s p e a k s of "operational unities" to avoid reifying
Thomson t a k e s t h e position that a factor is a more or less accidental conglomeration not due t o an underlying unitary psychological function, but produced by t h e more or less accidental a s s o c i a t i o n s ("bonds") existing between t h e very many segments of experience e a c h individual c a r r i e s with At t h e s a m e time, h e quotes with approval t h e i d e a of Bronson P r i c e lo and of M. S. Bartlett l 1 t h a t intercorrelations among human abilities may b e due, at least in part, t o c r o s s homogamy. Victoria Hazlitt l 2 believed that "the apparent existe n c e of a s p e c i a l capacity is to b e accounted for by t h e p o s s e s s i o n of adequate previous experience in that sphere, together with strong conative tendencies i n relation to it. " T h e view that factors may represent real psychological functions is supported b y most psychologists who a r e actively engaged i n factor analysis, T h e appearance of very similar factors in a variety o f s t u d i e s involving different tests and different t y p e s of s u b j e c t s is regarded as strong evidence for t h i s point of view.
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Annals New York Academy of S c i e n c e s P e r h a p s t h e most explicit statement of what a factor is and how i t may be formed is given b y R. B. Cattell's schema of t h e interrelations between observed trends of consistent behavior ("surface traits") and t h e underlying "source traits." l4 E v e n if o n e grants t h e e x i s t e n c e of some real psychological functions behind t h e factors found in a variety of studies, further questions a r i s e about t h e nature of t h e s e psychological entities. Are they only t h e resid u e of uniformities i n t h e educational experiences undergone by t h e s u b j e c t s tested, or d o they reflect general principles in t h e neurophysiological organization of t h e s u b j e c t s , or both?
At present our knowledge is too limited to answer such questions, but an a t t a c k on t h e s e problems c a n b e made by properly designed studies.
T h e present study w a s planned to make progress toward t h i s goal.
T h e reappearance of t h e same factors in different studies, commonly c a l l e d factor invariance or factor stability, was mentioned earlier as a condition for claiming psychological meaning for factors. Repeated demonstration of t h e s a m e factor i n different populations is particularly necessary because, as Sutherland warns, factors can b e divided and subdivided a d infinitum if s i n g l e s t u d i e s with highly s e l e c t e d tests a r e made.
If factors found i n o n e factor a n a l y s i s of a number of mental t e s t s a r e founded on some psychological entities, whether biologically or culturally determined, o n e would expect t o find not only t h e same factor structure upon repeated administration of t h e s a m e tests or of a s e t of similar t e s t s to t h e s a m e people, but also t h e same factor structure from two different groups of people who took the s a m e battery of tests.
Repetition of t h e same t e s t s t o t h e same people is p o s s i b l e only after a considerable l a p s e of time because, otherwise, t h e t e s t s would not present t h e same psychological problems on t h e second occasion; recollection of t h e answers given on t h e first occasion, practice effects, and changes in motivation would b e among t h e complications. T h e identification of similar factors in two different s e t s of t e s t s administered t o the same group of individuals depends on t h e possibility of calculating individual "scores" on a factor. Until convenient and exact ways a r e found to d o so, it is necessary t o determine whether inverted F A (Q-technique) would group t h e individuals i n t h e same way. T h e comparison of factors found in two s t u d i e s where t h e same t e s t s were given to two different groups of individuals is t h e method followed i n t h e study reported here.
PREVIOUS WORK

On t h e Invariance of F a c t o r s when Several Studies
Are Being Compared Thurstone h a s suggested l 6 -I 8 that rotation of a x e s t o simple structure
Vandenberg: Primary Mental Abilities of C h i n e s e Students
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will yield r e s u l t s invariant for t h e common factors from study t o study, even under rather wide c h a n g e s i n conditions.That not even rotation may be necessary if t h e conditions a r e sufficiently similar is suggested by t h e r e s u l t s of a study by Wrigley and Dickman. l9 Taking 2 random samp l e s of 500 airmen each, t h e s e investigators compared t h e unrotated principal a x e s solution of t h e 20 t e s t s of t h e Airman Classification
Battery for each sample and obtained i n d i c e s of factorial similarity of more than .9 for 2 factors in e a c h sample and of more than .8 for another 3 factors in both samples.
Thurstone also s t a t e d several conditions for a valid comparison of r e s u l t s from different factor analyses. Summarizing these, w e may s a y that Thurstone considered a comparison of s t u d i e s feasible iE
(1) T h e groups of s u b j e c t s studied a r e so similar that we may expect that e a c h t e s t will constitute t h e same psychological t a s k for t h e two groups.
(2) Partial special selection h a s not occurred between groups on two o r more variables (if it h a s , a new "incidental" common factor would b e added, but t h e simple structure would remain t h e same for t h e other common factors).
(3) Complete s p e c i a l selection h a s not occurred on o n e or more vari-
ables. Detailed treatment of t h e effect of selection on t h e factor patterns is given by Thomson and Lederman, 2o Thomson, T h e r e is some experimental evidence on t h e invariance of a factor structure. After Thurstone's 1935 study (published in 193845) of t h e primary mental abilities shown i n t h e t e s t performance of college students, h e administered batteries of similar tests t o various groups of high school students and repeatedly found a similar s e t of factors. Exact comparison of t h e 2 factor structures is not possible b e c a u s e t h e t e s t s a r e not t h e same, but t h e similarity between t h e 2 sets of factors found is quite marked. 23 No formal criteria of similarity were used i n t h e work of several investigators who tried to determine whether intelligence follows a p r o c e s s of differentiation, that is, whether t h e various independent factors gradually emerge as children grow older. If t h i s were so, factor a n a l y s e s of t e s t s c o r e s of several age groups of children would show an i n c r e a s e in t h e number of factors necessary to account for t h e covariance among t h e t e s t s .
Asch 24 and H. E. Garrett 25-27 found t h i s to b e t h e case, while Pease's failure to find a further increase i n complexity when retesting college s t u d e n t s after 2-and &year intervals may indicate that further differentiation d o e s not occur at that age.28 Pease u s e d t h e Graduate Record Examination in her study, While t h i s test would allow disparities i n various a r e a s of school achievement t o show, it may not h a v e been a and Ahmavaaro.
good instrument to investigate changes in the interrelations among more permanent mental abilities.
Chen and Chow's finding2' of a decrease in the number of factors with increasing age rests on questionable grounds. After intercorrelating the results of t h e same 9 intelligence t e s t s for 130 primary school students, 140 high school students, and 372 college freshmen, they factor-analyzed the data for each group separately. They extracted 4 factors for the primary school group, 2 factors for the high school group, and 3 for the college freshman group. T h e sum of the 9 communalities for each group was, in that order, 4.29, 5.21, and 3.89. Their decision t o stop factoring was made in an arbitrary fashion: "As soon as the correlations were reduced to t h e limits within t h e probable errors of the average correlations i n each group, no more factor w a s extracted. Sometimes even the correlation residues were larger fhan fhe average P.E. [my emphasisAuthor], but since further factor extractings would have loadings all of negligible significance, we stopped extracting also." In addition, the results for the primary school and high school pupils had been corrected for age differences by t h e partial correlation technique. It seems possible that this correlation would leave the variance among the tests greater in the primary school group than in the high school group. T h e entire question of correction for a g e differences before factor analysis is, in fact, an unsettled issue. T h e s e interesting data may deserve a careful reanalysis.
Thurstone attributes t h e increase i n complexity with increase in age both to individual differences i n the rate of maturing" and to the fact that the s a m e problem may be attacked with a different primary ability at different age levels: "While number problems may b e a routine task for an adult, they may b e inductive t a s k s for a child.'' Zachert and Friedman3 listed the results of 4 studies s i d e by side in 4 columns, but did not attempt to calculate an index for the degree of similarity .
According to an abstract, Reuchlin and Valin3* performed 4 factor analyses of the s a m e 15 tests (3 spatial, 4 numerical, 4 verbal, and 4 reasoning) separately for each of the following groups: urban boys, urban girls, rural boys, and rural girls, where the groups were drawn at random from 6 randomly selected high schools i n France. The total of cases for all 4 groups was 1908. It is not clear from the abstract whether the similarity of factors was evaluated quantitatively, R. B. Cattell h a s been engaged for a number of years in a series of studies of the primary factors in personality. In a recent report," he summarizes the agreement between studies for a number of the factors found in h i s work. Cattell is quite interested in expressing the degree of agreement quantitatively, as will b e shown later. Kamman 34 compared the factor pattern obtained from tests in Spanish and English. He gave American college students who had studied Spanish for 4 semesters 8 intelligence tests in Spanish and 8 very similar t e s t s in the English language. Since h e was particularly interested in t h e effects of the duration of training on the factor pattern, h e also included 6 tests in an artificial language new to the subjects. H i s study was further complicated by h i s decision to u s e a n auditory presentation for part and a paper-andpencil t e s t for t h e remainder. He compared the proportion of the total variance accounted for by t h e first principal component of (1) (1) When a number of scores are available for a single i d i v i d u a l , a presentation of these scores in some standard way h a s frequently led to the practice of regarding this graphic summary as a "psychogram," with a certain Gestalt over and above t h e information contained in t h e component single scores. Such convictions have led to a lively interest in the evaluation of the similarity between patterns. A review of approaches to comparisons of test patterns is given by Cronbach and Gleser. 40 (2) A second source of interest in simultaneous comparison of a number of values s t e m s from the desire to evaluate qsantitatively the agreement between factors found i n separate factor analyses.
In spite of these somewhat divergent origins, the indices proposed by either approach are formally concerned with t h e same problem; the comparison of two vectors rather than of two single values, and the work on either problem throws light on the other approach. T h i s study will be concerned only with t h e second type of problem.
While quantitative comparison of factors between two studies h a s been mentioned in the past as a means of studying the stability of factorsJ41 the methods proposed usually have been more suitable for score-profile comparisons, with product-moment or rank-order correlations usually suggested. In recent years there h a s been a renewed interest in t h e comparison of factors between studies, and several new methods of evaluating the agreement have been proposed. R. B. Cattell Nominal Salient-variable similarity index
T h e last-named technique is that proposed by Cattell and Baggaley in their report. T h i s index s t a t e s the probability that, in two studies with n common tests in which there are 6 "salient" (that is, of highest absolute value) factor loadings for a factor, there will be c loadings common to the two s e t s that have t h e same sign. As Cattell and Baggaley point out, there is n o provision in this formula for oblique factors, and attempts t o consider obliqueness lead t o a "situation.. . more complicated than can Vandenberg Primary Mental Abilities of C h i n e s e Students 265 b e represented i n terms of elementary probability theorems." Furthermore, there is n o definite criterion on how high a factor loading must b e to b e considered salient.
In a 1951 contract research report,37 Tucker reviewed t h e solutions proposed and presented a n elaboration of Burt's "symmetry criterion. " Burt stated, in t h e 1939 article mentioned above,41 t h a t "if A and B a r e any two matrices, then t h e product AB will not i n general b e equal to t h e product BA. But if t h e factors entering into A and B a r e identical, then t h e products will also be identical; and if A and B, being correlation matrices, a r e e a c h symmetrical, then it must further follow that t h e products AB = BA will also b e symmetrical." T h e degree t o which s u c h a product of t h e two correlation matrices exhibits symmetry w a s proposed by Burt as a criterion for t h e similarity between t h e factors.
Tucker37 proposes 2 related indices: (1) a measure of t h e agreement and (2) a measure of t h e d i s t a n c e between t h e factor loadings of J common tests of a factor from study A and a factor from study B that a r e to b e compared. 3 7
T h e measure of agreement is
where r indicates that t h e factors h a v e been rotated i n t o maximal congruence.
T h e measure of d i s t a n c e is and 1 -a.
Tucker's main purpose in t h e report is t o present a method for rotating the 2 factor structures to b e compared into a position that will maximize t h e Qr's for factors common to t h e t w o s t c l i e s . T h i s position is called "maximal congruence," and t h e method will b e d i s c u s s e d below. T h e same index w a s proposed by Wrigley and N e~h a u s ,~~ working independently of Tucker.
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Annals New York Academy of S c i e n c e s Ahmavaam proposed t h e u s e of t h e transformation matrix L=(X'X)''X'Y to evaluate t h e agreement between factor matrix X and factor matrix Y, where it will usually b e necessary t o normalize L, and where X and Y are orthogonal. 4 4 
AIMS O F THIS STUDY
A s noted above, o n e could study t h e invariance of a factor structure by varying t h e occasions, t h e t e s t s , or t h e people. T h e latter procedure w a s chosen for t h i s study b e c a u s e unusually complete d e t a i l s were available about a previous study. In 1938 Thurstone published not only t h e intercorrelation matrix and t h e derived factor structure for r e s u l t s obtained i n 1935 from testing 234 college students, but also t h e complete set of tests used i n t h e It w a s necessary, therefore, only t o find a suitable group, give t h e s a m e tests, and compare t h e r e s u l t s with Thurstone's.
T h e greater t h e difference between t h e two groups, t h e more impressive would b e t h e agreement between factors representing b a s i c abilities, if such agreement were found. In fact, i t seemed possible t h a t with increasing differences i n t h e cultural and educational backgrounds of t h e two groups, t h e factors more subject to cultural and educational influences would b e increasingly dissimilar between t h e t w o studies. Therefore, t h e a i t n s of t h e present study a r e twofold (1) to see if individuals from two widely differing cultural and linguistic backgrounds exhibit, in their performance on mental tests, similar independent a b i l i t i e s as shown in agreement between t h e factor structures (the degree of similarity to b e evaluated quantitatively); and (2) after a s s e s s i n g t h e degree of similarity of factors between t h e two groups, to relate similarities and differences in t h e various factors i n t h e two s t u d i e s to known differences i n t h e educational background of t h e two groups, and to attempt t o r e l a t e t h e factors and their degree of similarity to s u c h variables as length of s t a y i n t h e United S t a t e s and other variables indicative of t h e amount of acculturation undergone.
Regarding t h e second a i m , it should b e pointed out that a comparison of only two groups d o e s not lend itself very well t o a systematic evaluation of t h e e f f e c t s of cultural differences on t h e similarity of factors; consequently, t h i s study c a n only suggest relationships. F o r a n attack on noncultural, genetic influence on factors t h e method of comparing identical and fraternal twins, for instance, w d d b e more suitable.
A s noted above, t h e greater t h e differences between t h e two groups, t h e more striking would b e t h e agreement, if found. T h e m o s t crucial t e s t for the universality of patterns of independent abilities would consist of a study of t h e intercorrelations of s c o r e s on a number of t e s t s administered to American Indians o r members of some African tribe, provided that t h e individuals had not been exposed to education along Western lines, Since T h e next b e s t thing seemed to b e to find a group differing from Americ a n s to a lesser extent than t h e Indians and Africans mentioned above, but brought up in a language a s different a s possible from English. It is a difficult task to find a sufficiently large and homogeneous group of subj e c t s who have obtained most of their educational experiences under a system differing sufficiently from that of t h e United S t a t e s to make a comparison of factor structures interesting, and who, at t h e same time, would b e able to take psychological tests and follow t e s t instructions in English. Of t h e many groups of students from foreign countries attending universities i n t h i s country, the Chinese constitute one of the largest. Their language is very different from English; Karlgren4' gives a description of i t s main features. In addition to t h e possibility that a difference in language structure may lead to differences in thought processes, there is reason t o believe that solving problems presented in any foreign language may constitute per se a complication that induces differences. Finally, there is t h e possibility that the greater insistence in China on absolute standards of attainment in all school subjects and the great uniformity of curricula and teaching methods lead to differences. Few courses in high school are electives, and most schools have one fixed program of courses that all students in a certain grade must follow.
T h e not uncommon practice in t h e United States of passing students in elementary and high school, regardless of grades, may tend to lower intercorrelations between achievement measures, While innate differences in the various abilities within one individual would probably exist under any system, such differences may b e kept at a minimum when graduating pupils have been required to reach more or less uniform standards of achievement in all school subjects.
T h e following additional points are a l s o concerned with the a i m s of the study:
(1) No comparison is intended of the level of intelligence of Chinese and United S t a t e s citizens, Such a comparison would b e meaningless without very elaborate matching and sampling procedures in t h e selection of subjects to be included in both groups.
relative importance of innate versus cultural influences i n determining the relationship between t h e various mental abilities can only be hinted a t in this design.
(3) Inextricably commingled in t h i s study a r e the influences of both an educational system and language of a type entirely different from ours,
(2) T h e
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A n n a l s New York Academy of S c i e n c e s and t h e fact that tests were being taken i n a foreign l a n g u a g e (English), necessitating frequent translation into t h e native language.
(4) T h e influence of age upon mental organization will not b e touched on, although t h e s e s u b j e c t s were somewhat older than Thurstone's (see below). Reichard'O reviews t h i s topic. (5) T h e a n a l y s i s of t e s t s with a t i m e limit may give entirely different r e s u l t s from a n a n a l y s i s of t e s t s without t h e s e limits. T h i s complication w a s avoided by t h e u s e of timed t e s t s only.
(6) F o r r e a s o n s similar to t h o s e j u s t mentioned, right and wrong ans w e r s were not considered separately. F o r t h e tests taken from Thurstone, h i s scoring formulas were used, which include (for t e s t s 18, 20, 40, and 50) a correction for g u e s s i n g consisting of subtraction of t h e number wrong from t h e number right. Fruchter' d i s c u s s e s the p o s s i b l e differe n c e s i n factor patterns between right and wrong scores.
METHODS
Selection of the T e s t s
The common tests. Twenty t e s t s were s e l e c t e d from among t h e 57* used by Thurstone and published by him as a ~u p p l e m e n t .~~ T h e i r selection w a s guided by t h e following considerations. In general, t h e two tests with the highest loadings for t h e various factors identified were included. Where there w a s a choice, t h e tests with t h e highest communalities were selected. Finally, a n attempt w a s made to select t h e shorter tests to keep t h e t e s t i n g time and cost of printing low. A l i s t of t h e s e tests is given i n T e s t s of English. To obtain further information about t h e degree of familiarity with t h e English language 4 s u b t e s t s , comprising t h e University of Michigan English Language Institute test of English, were selected. '* T h i s t e s t , constructed by Robert Lado of t h e English Language Institute, Ann Arbor, Mich., for t h e e x p r e s s purpose of a s s e s s i n g t h e foreign student's knowledge of English, h a s a split-half reliability of .95 after u s e of t h e Spearman-Brown formula. '
Examples of t h e t y p e s of questions i n t h e four pacts of t h e t e s t follow:
L1 Structure T A B L E 1.
My roommate and I sat down.
(1) complete and p a s t (2) incomplete and p a s t (3) i n progress and present "Sat" probably refers to a n action *The 57 tests were numbered 4 to 60 in Thurstone'a monograph, and thls system of labeling has been retained in this paper. (3) H e w a n t s to build a new bri--e over t h e river.
(Here t h e subject i n d i c a t e s whether t h e l e t t e r s i n t h e blank s p a c e s sound t h e same.)
DE-CLA-RA-TION T h e Declaration of Independence of t h e 1 2 3 4
United S t a t e s w a s written by Thomas Jefferson.
(Here t h e subject indicates which syllable receives t h e major stress.) Chinese tests. A s an additional source of information on t h e degree of acquaintance with English, several tests in t h e Chinese language were included on t h e assumption that prolonged training in English would generally lead to some loss of familiarity with t h e Chinese characters, and that, therefore, t h e discrepancy between the Chinese and English test results would b e related to t h e subjects' familiarity with English. T h e Chinese tests, from among t h o s e used by t h e Nationalist Chinese Civil Service Examination Yuan, included 4 verbal multiple-analogy t e s t s , C 1, C3, C6, and C8, each consisting of 25 i t e m s of t h e following type:
(1) . . . stern, mother. . .
(2) . . . easy, knowing. . . 
F I G U R E 1 shows t h e questions a s they appeared in the actual test. Since only 1 of the 16 possible combinations formed a Chinese proverb or idiomatic expression, it seems possible that t h i s t e s t combines features of a vocabulary test and a "proverb"-type test of reading comprehension, while the complexity of the choices may leave room for t h e operation of some reasoning component.
In addition, t h e Chinese t e s t s included 1 multiple-choice number-series t e s t s (C2, C4, C7, and C9) with questions of t h e following kind:
C2 Number Series
(1) Other C h i n e s e tests included 1 digit-symbol substitution test (C5), a n example of which is given i n F I G U R E 2a; 1 t e s t (C10) of t h e "matrices" type ( F I G U R E 26); and 1 <'symbol-ordering" (C11) t e s t i n which e a c h item presents 5 drawings of symbols that form a progression when t h e positions of 2 of the 5 symbols a r e interchanged correctly ( F I G U R E 2c).
T h e l a s t 3 t e s t s a r e C h i n e s e adaptations from t e s t s published by t h e British National Institute of Industrial Psychology.
All t h e t e s t s were lithoprinted and stapled t o form s i x booklets. To avoid confusion and consequent copying errors , s e p a r a t e answer s h e e t s were not u s e d (except for t h e English Language Institute tests), t h e ans w e r s being marked directly o n t h e test papers.
Selection of Subjects
After it w a s decided t o u s e C h i n e s e s t u d e n t s as subjects, volunteers
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Annals New York Academy of S c i e n c e s were obtained by writing t o all t h e C h i n e s e s t u d e n t s attending 7
United S t a t e s universities. T h e s c h o o l s and t h e number of volunteers from e a c h a r e a s follows: University of Michigan, Ann Arbor, Mich., 30; University of Illinois, Urbana, Ill., 31; University of Detroit, Detroit, Mich., 2; Michigan S t a t e University, E a s t Lansing, Mich., 7; Wayne University, Detroit, Mich., 4; University of Chicago, Chicago, Ill., 16; and Northwestern University, Evanston, Ill., 2.
There were 36 females and 56 males, and t h e mean a g e of t h e s u b j e c t s w a s 26.4 years, with a standard deviation of 6 years. Thurstone's subj e c t s had a mean a g e of approximately 19.6 years, with a standard deviation of at l e a s t 2.6 years.
A s partial compensation for their time t h e s u b j e c t s were paid 5 dollars and were given a report of their performance on t h e t e s t s . They spent a total of 6 hours, usually i n t h r e e 2-hour s e s s i o n s . Whenever possible, volunteers came to group-testing s e s s i o n s already scheduled for other individuals, so that t h e majority of t h e tests were administered to groups of 4 t o 10 individuals. Cooperation w a s excellent a n d motivation high, so that t h e test results may b e regarded a s representative of t h e subjects' b e s t efforts. Although no proctors were used, t e s t materials were e a s i l y distributed and t h e need for verbal explanations i n addition to t h e printed t e s t instructions w a s minimal. With volunteer s u b j e c t s of t h i s type, proctoring for dishonesty is unnecessary. D a t a a r e presented below on the degree t o which t h e s u b j e c t s were acculturated to t h e United S t a t e s and on t h e influence of t h i s on their performance i n t h e various tests.
T h e testing s e s s i o n s were held i n roonis that, without exception, provided optimal conditions for t h e taking of psychological tests, being well lighted, quiet, and conveniently located. All t h e testing s e s s i o n s were held between February and May, 1954.
Statistical Techniques
Tetrachoric correlations. S i n c e Thurstone's factor a n a l y s i s w a s based on tetrachoric correlations, it w a s decided to u s e t h e same technique, Distributions for t h e t e s t s were dichotomized near t h e median, resulting, in most cases, in a division very close to a 50-50 per cent split. A comparison with t h e distributions i n Thurstone's study is given i n T A B L E 1.
An edge-marking card w a s or w a s not notched, depending on whether a n individual's s c o r e w a s above or below t h e cutting point. After preparation of t h e 92 cards, 1 for e a c h subject tested, 2 x 2 t a b l e s were made i n t h e following way. After all t h e c a r d s not notched for Variable 1 were lifted from t h e deck with t h e sorting needle, t h e resulting 2 p i l e s were weighed.
T h e 2 weights t h u s obtained were converted to percentages by consulting a previously prepared conversion table. It had been determined beforehand that t h e loss of weight of a card through repeated notchings of the edge did not result in more than 0.4 per cent error. After t h e marginal dichotomous distributions had thus been checked, t h e section of t h e deck "passing" on Variable 1 w a s sorted again on Variables 2, 3, 4, and t h o s e following, each sort being followed by a weighing of t h e 2 ensuing p i l e s and by an entry of t h e proper percentages into t h e body of t h e 2 x 2 tables, Values for t h e tetrachoric correlations were then estimated by interpolation from t h e Chesire, Saffir, and Thurstone tables.54
Multiplegroup factor analysis. T h e resultant matrix of intercorrelations w a s factor-analyzed by t h e multiple-group method, Columns and rows were interchanged until t h e higher correlations seemed t o b e grouped around t h e diagonal. Communalities were then estimated for t h e t e s t s in each l i t t l e group by substituting t h e values of the projections of t h e t e s t onto t h e centroid a x i s for t h e subgroup (see Thurstone 18).
After most of t h e t e s t s had been grouped satisfactorily, two t e s t s remained that reportedly measured perceptual speed, To define t h e centroid a x i s better for t h i s t e s t doublet, t h e spatial-visualization t e s t t h a t correlated most highly with t h e perceptual-speed t e s t s w a s added, on t h e assumption that perceptual speed e n t e r s appreciably into t h e s c o r e on spatial-visualization tests, T e s t T18 ("Cubes") w a s t h u s u s e d i n two communality calculations; of t h e two values of i t s communality t h u s calculated, t h e higher w a s inserted i n t h e diagonal.
Application of t h e multiple-group method l e d t o 7 factors. T h i s s e t
of oblique factors w a s orthogonalized according to Thurstone's technique, with o n e difference: rather than putting t h e first centroid a x i s through the factor having t h e most variance, t h e factor least clearly defined w a s chosen. S i n c e later s t e p s i n t h e computations would involve calculation of principal component axes, i t seemed advisable t o favor t h i s less clearly defined factor in view of t h e rigors of t h e rotations to follow.
After t h e 7 orthogonal factors were obtained, t h e sums of t h e factor products were calculated and subtracted from t h e original correlations. T h e residuals were tabulated and inspected for s i z e (lower left portion of T A B L E 3). S i n c e appreciable v a l u e s were left, t h e centroid method of factoring w a s next applied and 7 more factors extracted. T h e distribution c f t h e thirteenth factor residuals indicates that factoring had gone sufficiently far by t h i s time ( T A B L E 2). In each case t h e sign-changing ("reflecting") of rows and columns w a s continued until t h e column s u m s were zero or positive rather than stopped when a column had a majority of positive signs.
After 44 rotations, simple structure w a s achieved for t h e first 8 factors, while 8 more rotations seemed t o define 5 of t h e remaining 6 clearly a s residual, No attempt w a s made to clarify t h e last factor, which w a s used only as a pivot for rotating several previous factors.
Rotation to maximal coagruence. T h e final step consisted i n t h e rota- F o r an intuitive understanding of Tucker's method, it may b e b e s t to visualize two identical s e t s of data, plotted in two different s e t s of coordinate systems. Rather than rotate one set of coordinates into the other system, Tucker rotates each set of coordinates half way, to t h e point where they meet, and determines t h e agreement. If one s e t were rotated completely into t h e position defined by the other, its simple structure might be lost entirely.
To rotate set T into C in completely error-free data, w e could find t h e transformation matrix T T C from t h e location of o n e coinmon point i n each of t h e two coordinate systems. However, if t h e location of such a common point i s not quite f r e e of error, it is better to b a s e our calculations for T,, on all t h e common points.
In t h e present case, points common to t h e two sets of coordinates a r e t h e t e s t s common to t h e two studies. T h e s c o r e s on t h e s e t e s t s d o include errors of measurement and factors specific to e a c h test and e a c h group of subjects. T h e method therefore c a l c u l a t e s t h e transformations that will carry t h e matrix that s h o w s t h e relations between t e s t s and factors i n study T into t h e position defined by-factor matrix C by calculating t h e correlations over all t h e common tests between t h e factors i n T and t h e factors i n C. After being normalized, t h i s matrix would form t h e transformation matrix TTC and, if t h e matrix were square, its transposition would be, when normalized, t h e transformation matrix T, However, we have neglected t h e fact that t h e original factor matrices may not b e orthogonal. When w e remember that, i n addition, in both cases t h e calculations will b e based only on t h e common t e s t s and not on t h e complete s e t used in t h e factor a n a l y s e s (so that t h e rows for all t e s t s .
Vandenberg: Primary Mental Abilities of C h i n e s e Students 277 but t h e common o n e s a r e removed), it will b e clear that t h i s reduced factor matrix i n general will not b e orthogonal. T h e first s t e p is therefore to orthogonalize t h e matrices. T h i s is done in Tucker's method by the principal-components solution with unity i n t h e diagonals, s i n c e at t h i s point w e a r e working with t h e covariances of t h e factors and not t h o s e of the individual tests. Thereafter, w e proceed as outlined above until we reach t h e matrix of t h e relations between t h e factors i n T and t h e factors i n C. U n l e s s t h e factors a r e t h e same and i n t h e same order, t h i s matrix will not b e symmetrical and, therefore, t h e s q u a r e of t h i s matrix will not b e orthogonal. Furthermore, if we calculate the correlations between factors i n T i n terms of t h e correlation of each of t h e s e factors with t h e factors i n C, t h e resulting factor matrix will not b e t h e identity matrix. Hence, w e must orthogonalize t h i s matrix, too, before normalizing it into a transformation matrix T T C . Similar considerations hold, of course, .for T C T . Since t h e e s s e n c e of t h e method is t o rotate each matrix halfway, we average t h e square root of t h e elements of t h e two resultant transformation matrices by taking t h e square root of t h e sum of their squares, to get a least-squares fit.
Summarizing i n matrix notation:
Form
Solve T h i s g i v e s t h e roots A , , and t h e matrix of eigen vectors A F P T
where T and C indicate Thurstone's factors and t h e Chinese-factor matrix, respectively, for t h e twenty common tests M and m, and F is a matrix of oblique factor loadings, P is a matrix of principal component loadings, and T is a transformation matrix. 
R E SULTS
T e s t Score Distributions
25-29 20-24
T h e table shows that the distributions were probably dichotomized at about the same values in both studies. T h e comparison indicates further that, while the means and sigmas for the two groups are rather similar, there were substantial differences in the distribution of scores on some of the tests. Because tetrachoric correlations were used in both studies, no attempt could be made to eliminate the effect of selection and restriction of range in comparing the two groups. 
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Results of Factor Analysis T A B L E 2 presents (above the diagonal) the tetrachoric correlations for the Chinese data and (below the diagonal) the residuals, after extraction of the fir& 7 factors by t h e multiple-group method. In t h e diagonal are shown the communalities used, calculated from the projections on the centroid of the tests grouped (See T h~r s t o n e~~) . T~~~~ 3 gives the residuals after extraction of 7 factors, and T A B L E 4 after extraction of 13 fact or s.
T A B L E 5 gives the centroid-factor matrix; T A B L E 6, the rotated factor matrix; T A B L E 7, the correlations between t h e rotated factors; and T A B L E 8, the transformation matrix. T41  T6  T5  T31  T33   c2   c4  c7  c9  T30  T46  T48  T50  T39  T40  T43   c10   c11  T18  T20  T2 1  T2 4 
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T h i s factor will be called C h i n e s e proverbs. Its exact nature cannot b e stated. In t h e section describing t h e t e s t s , t h e opinion w a s ventured that the C h i n e s e vocabulary t e s t s might measure reading comprehension and reasoning i n addition t o t h e knowledge of t h e proverls.
T h e r e seems t o b e l i t t l e t o support t h e i d e a that t h e s e t e s t s measure reasoning, s i n c e they have nearly zero loadings on all t h e other factors.
F a c t o r 2 is very clearly defined as follows: C h i n e s e number series, P a r t 1 T h i s is t h e verbal factor, which h a s been among t h e first and best established factors. It may seem surprising t o find t h i s factor emerging so clearly, until it is realized that t h i s is due to t h e abundance, in t h i s study, of tests measuring t h i s factor, and to t h e unusually wide spread of t h e distributions of s c o r e s on t h e s e t e s t s in t h i s group of subjects. Factor 3 lias t h e s e factor saturations: T h i s a p p e a r s to b e a memory factor. During t h e administration of t h e tests, there w a s some indication that t h e memory t e s t s might also b e regarded as measures of motivation, s i n c e t h e more eager s u b j e c t s seemed to perform better on t h o s e t e s t s , T h e same effect would probably prevail for United S t a t e s students.
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F a c t o r 4 is defined by saturations on t h e s e tests: C h i n e s e number s e r i e s , P a r t 2 C h i n e s e number s e r i e s , P a r t 1 Lado t e s t of English, P a r t I, structural 
Some indications of t h e agreement between t h e s e factors and Thur-
stone's c a n b e had by inspection of T A B L E 9, which s h o w s t h e productmoment correlations between t h e factors in t h e C h i n e s e study and i n Thurstone's study before t h e rotation to maximal congruence. where ail is t h e loading of t e s t i on factor j , and t h e summation i s over i.
Significance of F a c t o r s
In t h e a b s e n c e of a commonly agreed upon exact t e s t of t h e significance of t h e kth factor extracted in a factor analysis, it is a widespread pract i c e t o err on t h e s i d e of extracting too many rather than too few factors. T h e argument i s that nonsignificant factors will not l e a d t o simple structure and b e treated a s residual error factors.
All 13 factors from Thurstone's study were compared with 13 factors from t h e C h i n e s e data. T h e s e undoubtedly included a number of factors Annals New Yotk Academy of S c i e n c e s 
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Vandenberg: Primary Mental Abilities of C h i n e s e Students 287 of questionable significance. Next, the significance of e a c h principal a x i s factor w a s approximated, Although not strictly applicable, two different criteria were used. BartlettS6 h a s proposed as a criterion t h e homogeneity of t h e remaining roots after extraction of K roots by a component of x 2 b a s e d o n t h e distribution ratio of t h e product of t h e remaining roots to t h e arithmetical average of t h e remaining roots raised to a power equal to their number:
1 2
x 2 = -I n -- ( and where p is t h e smallest nonzero root and p is t h e l a s t root.
Both t h e s e t e s t s a r e approximate for correlation matrixes, assuming 1 2 7 J uncorrelated normally distributed error variances and unit entries in t h e diagonal cells.
In t h i s application we do not have a correlation matrix b a s e d on the original measures, but rather a squared matrix of loadings of n t e s t s on p oblique factors, so t h a t t h e s e criteria c a n b e use6{ only a s apptoximations or "educated guesses.)' T A B L E S 11 and 13 give t h e r e s u l t s for Bartlett's t e s t and T A B L E S 12 and 14, t h o s e for Anderson's test.
a 9
903.4 T h e transformation matrix carrying Thurstone's 13 factors into t h e 12
1073.1
principal a x e s maximally congruent with t h e C h i n e s e data i s shown in T A B L E 15, and t h e transformation matrix for t h e C h i n e s e factors is shown i n T A B L E 16. between 12 factors from t h e C h i n e s e d a t a and 12 factors b a s e d on Thurstone's data, while T A B L E 18 s h o w s the C h i n e s e factors, and T A B L E 19 shows Thurstone's factors after t h i s rotation, 
9.8&
Znterpretation of the F a c t o r s from the Chinese D a t a (after Rotation to Maximal Congnience with Factors from Thurstone's Study) Since Tucker's method u s e s t h e principal-axes method, t h e congruent factors do not exhibit simple structure and will have to b e rotated in the common s p a c e t o b e readily interpreted.
Fortunately, it became possible to obtain a quartirnax solution6' on the ILLIAC. T h i s method gives t h e orthogonal transformation that maximizes t h e variance of the factor loadings (that is, it maximizes t h e sum of t h e squared-factor variances). In doing so, the method will of course result in an increase in t h e number of zero or near-zero loadings, as well a s i n an increase in t h e s i z e of the larger loadings. T o th'at extent the method forins an approach t o orthogonal simple structure, T h e method is mathematically equivalent t o t h e one proposed by Carroll, which minimized the c r o s s products of squared loadings. However, Carroll's method allows for an oblique solution, while t h e quartimax method does not.
T A B L E 20 shows t h e congruent factors from Thurstone's data after rotation by t h e quartimax method, while T A B L E 2 1 shows t h e Chinese factors after t h e same rotation.
T h e first 5 congruent factors a r e defined in T A B L E 22. T h e remaining 7 congruent factors a r e not clearly defined. None of them h a s more than a single test saturation greater than .SO. In addition to results of t h e thirty-five t e s t s , thirteen dichotomous varia b l e s were derived from the subjects' a n s w e r s t o t h e following questions:
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(a) Do you room with other C h i n e s e students?
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Correlations with only 7 factors a r e shown b e c a u s e t h e s e measures, i n order to avoid loss of definition of t h e factors, were not included with t h e original factor analysis. Instead, t h e correlations of t h e s e measures with a l l t h e 35 t e s t s were carried in t h e margin of t h e computation s h e e t s for t h e multiple-group method, and correlations with factors were obtained by an extension of t h e final multiple-group transformation matrix t o t h o s e correlations. It did not seem worth t h e computational labor to determine t h e relation of t h e acculturation measures t o additional factors.
If w e t a k e a p-value of .01 a s our criterion of significance, we find that t h e only correlations between t h e questionnaire items and t h e oblique factors that reach t h i s level of significance are:
Annals N e w York Academy of Sciences   --"58  T11  T55  T41  T6  T5  T40  T43  T30  "31  T33  T39  T46  "48  T50  T26  T18  T20  T2 1  T2 4  -TABLE 21 T That comprehension of verbal material in the English language correl a t e s with t h e a g e at which t h e first instruction i n English w a s received is not surprising. T h e younger o n e is when starting such instruction, the more experience with English o n e will have gained, in general, at the time of college entrance. Furthermore, earlier learning is known t o b e more effective in many instances. related to t h e amount of English newspaper and magazine reading may have two c a u s e s . Students who performed well i n English i n school may read English material more readily for pleasure a n d information, while such additional reading would reinforce t h e formal instruction received in school.
H E C O N G R U E N T F A C T O R S F O R THURSTONE
T h e third correlation is a littleless obvious, T h a t t h e C h i n e s e s t u d e n t s who felt handicapped i n taking t e s t s i n English tended to perform better on t e s t s of verbal comprehension i n English seems to indicate t h a t a certain l e v e l of proficiency i n English is necessary before o n e begins t o b e aware of one's shortcomings i n t h e language.
No other factor showed a n appreciable correlation with any of t h e items primarily concerned with t h e subject's experience with t h e English language. T h e correlation between F a c t o r S and whether t h e subject reportedly s p o k e chiefly C h i n e s e o u t s i d e of classes may b e d u e to the fact that t h e s u b j e c t s i n t h i s study included s e v e r a l c l i q u e s of engineering s t u d e n t s who roomed together, T h e s e s t u d e n t s did s p e a k mostly C h i n e s e among themselves and seemed to perform above t h e average on t h e spatial-visualization t e s t s .
T h e two other significant correlations indicate that there is a negative correlation between perceptual s p e e d and age, which is i n agreement with t h e findings in many s t u d i e s that a d e c r e a s e i n s p e e d o c c u r s with increasing age. T h a t males tend t o perform better than females on spatialvisualization t e s t s is a conclusion that is also in accord with t h e findi n g s of other studies.
I N T E R P R E T A T I O N O F T H E RESULTS
Significance of the Values of Qr
T h e r e is no s t a t i s t i c a l test of t h e significance of &Dr, and it will b e a difficult matter to determine t h e correct number of degrees of freedom for s u c h a test.
T h e r e a r e few d a t a available that c a n b e compared with t h e results obtained i n t h i s study. While t h e Qrs obtained here f a l l short of the very high v a l u e s reported by Tucker in h i s Army Personnel Research Section report3' or t h o s e reported by Wrigley and Dickman, l9 t h e v a l u e s of for t h e factors V, S, N, M, and P obtained in t h i s study seem sufficiently high to give support to t h e claim t h a t t h e s e factors remain invariant under widely varying conditions. To p l a c e t h e v a l u e s obtained in t h i s study in their true perspective, it will b e necessary to compare them with v a l u e s to b e obtained i n further s t u d i e s using Tucker's method.
Ahmavaaro's Transformation Analysis
In view of t h e scarcity of comparable results, Ahmavaaro's d a t a 4 4 acquire added importance. Although h i s "transformation-analysis" technique is not q u i t e identical with that employed by us, i t yields what h e terms an "invariance coefficient.'' T h e s e coefficients a r e t h e diagonal elements of L = (X'X)'' X'Y, after t h e factor matrix X (found i n Study X ) and t h e factor matrix Y (found in Study Y) h a v e been made orthogonal, and after rows of L h a v e been normalized. However, when X is an orthogonal solution, t h e product X'X will b e a diagonal matrix D-lZ, where t h e elements of D a r e 2 (xi,)* and where t h e xi, a r e t h e loadings of t e s t i on factor j . In t h e case of a n orthogonal solution i n study X, t h e matrix L = (X 'X)-X 'Y = D' * ZX 'Y c a n therefore b e written as a matrix with elements where D, a n d D a r e a row vector and a column vector with elements K a n d K y T h i s matrix will b e identical with Ahmavaaro's L after t h e latter is postmultiplied by some diagonal matrix, t h e elements of which will b e c l o s e r t o unity t h e closer t h e agreement between corresponding factors i n t h e 2 studies.
Ahmavaaro applied h i s technique twice: first, t o t h e r e s u l t s of t h e 60-test and 21-test study of 14-year-old children reported by Thurstone. 23 Ahmavaaro reports t h e following v a l u e s for t h e diagonal elements of L (after t h e factors in both s t u d i e s had been made orthogonal): Next h e applied h i s transformation a n a l y s i s t o t h e r e s u l t s of Thurstone's 57-test PMA study4' and t h e results of t h e 27-test study of t h e perceptual factor. l6 F o r both t h e s e s t u d i e s t h e s u b j e c t s were college students and t h e factors were orthogonal. Ahmavaaro reports v a l u e s as follows. U n l e s s t h e difference between h i s and Tucker's techniques r e s u l t s i n marked differences in tlic values of t h e respective invariance coefficients, the r e s u l t s of t h e C h i n e s e students-United S t a t e s s t u d e n t s comparison shows a n agreement between factors that is a s close a s or even c l o s e r than t h e agreement between factors found for two groups of United S t a t e s students.
Meaning of the Agreement Found It w a s reported above that, of t h e f i r s t s e v e n oblique factors found in t h e C h i n e s e data, t h e verbal factor w a s significantly related t o several of t h e acculturation measures. T h i s seems t o warrant t h e conclusion t h a t factors such a s are found in factor-analytic s t u d i e s a r e due, at least partly, to cultural end educational influences. S i n c e it is difficult to see how a b i l i t i e s even strongly controlled by hereditary factors could be acquired without such influences, t h i s may s e e m a truism. On t h e other hand, t h e high v a l u e s of tDr for such factors as N, and particularly Vandenberg: Primary Mental Abilities of Chinese Students 301 S, in spite of great differences in the linguistic background of the subjects in the two studies, seem to indicate that there may b e at least several independent abilities that are to some extent independent of the various kinds of educational experiences undergone, provided that some kind of training h a s occurred.
While it is still possible that there is enough similarity between t h e educational and other cultural influences undergone by the Chinese students and those undergone by the United States students to lead to a highly similar set of independent abilities, it s e e m s more plausible to zssume that, a t least for the factors S, N, V, P, and M, there exist potentialities in the human neurophysiological organization that are independent of one another and that limit the performance on certain types of tasks, regardless of t h e kind of educational experiences undergone, and provided there have been enough such experiences to develop these potentialities. A comparison of two groups, one with considerable training in geometry, the other without such training, might give added evidence for such an hypothesis.
Discussion and Suggestions for Further Xesearch It was mentioned above that the more dissimilar the two groups to which the tests were administered, the less agreement one might expect between factors in the two studies and, conversely, the more agreement found, the stronger would be t h e argument for the psychological reality of well-defined factors.
In addition, it should be pointed out that the fewer the problems that can be solved by more than one type of approach in a particular s e t of t e s t s defining a factor, t h e greater the agreement that can be expected between factors i n different studies. Thus, it s e e w unlikely that the t e s t s defining t h e verbal factor allow for more than one kind of approach. While the t a s k s in the t e s t s defining the spatial factor may allow for for some kind of verbal reasoning approach, recognition and verbalizing of spatial relations would precede any such verbal reasoning and would, therefore, still limit the performance on such tests.
On the other hand, there may b e t a s k s represented i n other t e s t s that leave room for the operation of one of several types of problem-solving. In such a case t h e agreement between factors found in several studies could be lower.
It would be interesting to approach this prbLlem by determining whether a set of tests, each of which h a s a high homogeneity5' or which forms a more nearly perfect scale,62 would lead to a higher value than would a less homogeneous s e t of tests.
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SUMMARY AND CONCLUSIONS
After t h e s c o r e s on 35 t e s t s for 92 s t u d e n t s from China studying a t United S t a t e s universities were factor-analyzed, simple structure w a s obtained for a slightly oblique set of 13 factors.
Of t h e 35 t e s t s employed, 20 were identical t o t e s t s e,:iployed by Thurstone i n h i s PMA study of United S t a t e s c o l l e g e students.
T h e 20 t e s t s common t o both s t u d i e s were rotated i n t o maximal congruence according to Tucker's procedure, and t h e 12 congruent factors were rotated into an approximation to simple structure by t h e quartimax method. F i v e congruent factors could b e readily identified as t h e s p a t i a l , verbal, numerical, memory, and perceptual speed factors. T h e values of t h e index of agreement Qjr for congruent factors were S, .87; V, .91; N, .86; M , .83; and P, .73. T h e s e v a l u e s compare favorably with t h o s e found in s e ve r a l comparisons qf factors i n s t u d i e s using United S t a t e s s u b j e c t s only.
T h e only nonspurious correlations (of appreciable s i z e ) of t h e original oblique factors fur t h e C h i n e s e d a t a and of i t e a s from t h e acculturation measures were those for the verbal factor. It is c o r d u d e d from t h i s that cultural influences play a role i n t h e p r o c e s s leading t o t h e formation of the a b i l i t i e s underlying some of t h e factors, but that a t least several potentialities exist i n t h e adult human neurophysiological organization that a r e independent of o n e another and, t o some extent, independent of t h e particular kind of cultural, linguistic, and educational background of the s u b j e c t s tested.
